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COMPUTER SYSTEM HAVING RAID 
CONTROL FUNCTION AND RAID CONTROL 

METHOD 

FIELD OF THE INVENTION 

The present invention relates to a computer system, and 
more particular to a computer system having a RAID control 
function. The present invention also relates to a RAID control 
method, and more particularly to a RAID control method for 
use in a computer system. 

BACKGROUND OF THE INVENTION 

Due to the amazing power of computers, computers are 
widely used to implement diversi?ed tasks such as data pro 
cessing tasks, amusement-related tasks or communication 
tasks. With the increasing development of digitaliZed genera 
tion, the data storage density for the conventional data storage 
media might become unsatisfactory soon for receiving and 
storing a great amount of data. For dealing with such a prob 
lem, a single data storage medium with a very large quantity 
of storage capacity or a plurality of data storage media are 
used in a computer system. Conventionally, data stored in a 
data storage medium are read via a disk drive that is operated 
mechanically. Therefore, the operating speed of the disk drive 
likely fails to catch up with the high processing speed of the 
central processing unit (CPU). For matching the operating 
speed of the disk drive and the processing speed of the central 
processing unit, a con?guration of RAID (Redundant Array 
of Inexpensive Disk) is proposed. In the RAID system, mul 
tiple disk drives are used to store the same data in order to 
increase the data transfer rate and data security. In a case that 
one of the multiple disk drives has a breakdown, the lost data 
can be restored according to an interactive encoding technol 
ogy among the disk drives. 

Referring to FIG. 1, a RAID con?guration is schematically 
illustrated. The RAID system includes three hard disk drives 
101, 102 and 103 and exhibits a parallel-with-parity function. 
The hard disk drives 101 and 102 are used to store respective 
data while the third hard disk drive 103 is for storing parity 
data obtained by operating the data in the hard disk drives 1 01 
and 102 for securing data. For example, assuming a data D1 
is stored in a ?rst block of the hard disk drive 101, and a data 
D2 is stored in a second block of the hard disk drive 102, 
wherein the ?rst block and the second block have the same 
addresses. Meanwhile, in a third block of the hard disk drive 
103 having the same address as the ?rst and second blocks, a 
polarity data P, which is obtained by way of an exclusive OR 
gate @(OR) operation of the data D1 and D2 and expressed as 
PID1G9D2, is stored. 

With the presence of polarity data, associated data, if lost, 
can be rebuilt. For example, if the hard disk drive 102 is 
damaged so as to lose the data D2, then the data D1 and the 
polarity data P can be read from the hard disk drives 101 and 
103 to perform a logical XOR operation D1691’, thereby 
rebuilding the data D2. In principle, all the data previously 
stored in the damaged hard disk drive 1 02 can be rebuilt based 
on the corresponding data in the ?rst and third hard disk drives 
101 and 103, and stored back to the hard disk drive 102 after 
it is ?xed up. It is understood that for offering the fault 
tolerant bene?ts of RAID, it is necessary, when a data in one 
of the hard disk drives is overwritten, to make additional 
efforts to read and write data from/to hard disk drives other 
than the hard disk drive actually accessed. For example, in a 
case that the data D1 is refreshed as DI‘, the data D2 stored in 
the hard disk drive 102 needs to be read out and subjected to 
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2 
a XOR operation with the data D1' to update the polarity data 
in the hard disk drive 103 to P':D1'€9+D2. 

Since general self-supporting RAID systems are undesir 
able in cost and siZe, a cost-effective RAID card capable of 
being integrated into a computer casing is developed. Refer 
ring to FIG. 2, a schematic block diagram of a RAID card 
used with a computer system is illustrated. The RAID card 20 
is to be mounted in a computer system 2 and electrically 
connected to a core-logic chipset 21 of the computer system 
2. By executing a RAID card driver, the RAID card 20 is made 
communicable with the operating system of the computer 
system 2 for reading and writing tasks. The RAID card 20 
principally includes a memory 201 serving as a data buffer, a 
computing unit 202 for fault-tolerant computing, and a bus 
controller 203. In this embodiment, the RAID card 20 is in 
communication with three hard disk drives 27, 28 and 29 
which are accessed via the bus controller 203. 

As described above, the RAID card 20 needs the memory 
201 for data buffering. Generally, with the increase of the 
storage space of the memory 201, which is desired for the 
enhancement of access ef?ciency, the cost of the RAID card 
20 undesirably increases. Then the advantages achievable by 
the RAID card is adversely affected 

For assuring of cost-effectiveness, a software RAID sys 
tem with the memory 201 and the computing unit 202 being 
exempted from the RAID card 20 is developed. By executing 
RAID software, the system memory and the central process 
ing unit of the computer system are responsible for data 
buffering and fault-tolerant computing. Since no additional 
hardware components (eg the memory 201 and the comput 
ing unit 202) are required, the cost of the software RAID 
system is reduced. The software RAID system, however, may 
impair the performance of the computer system because the 
system memory and the central processing unit of the com 
puter system are additionally occupied to execute the RAID 
function. 

Furthermore, no matter whether a RAID system is imple 
mented in a software fashion or a hardware fashion, it is 
necessary to perform the XOR logic operation as mentioned 
above. An example of the timing for the RAID system of FIG. 
2 to execute an XOR operation is illustrated with reference to 
FIG. 3. In this example, the data D1 stored in the hard disk 
drive 27 is to be overwritten with the new data D1', thus an 
XOR operation of the new data D1' to be stored into the hard 
disk drive 27 and the corresponding data D2 stored in the hard 
disk drive 28 is required to update the corresponding parity 
data from the data P into the new data P'. For achieving this 
purpose, the operating system needs to write the new data D1' 
into the system memory 22 of the computer system 2, and 
write the data D2 read from the hard disk drive 28 into the 
memory 201 before the XOR operation can be performed to 
obtain the parity data P':D1'€9+D2. As shown in the ?gure, 
the data D1' is completely written into the system memory 22 
at the time point T0 and the data D2 is completely written into 
the memory 201 at the time point T1. Therefore, the XOR 
operation will not be performed until the time point T1 when 
the data D1' and D2 are completely transferred. As a result, 
the completion of the XOR operation will be as late as the 
time point T2. Such a processing mechanism wastes too much 
waiting time and is apparently inef?cient. 

SUMMARY OF THE INVENTION 

The present invention provides a computer system having 
a RAID control function and a RAID control method for use 
with multiple hard disk drives, by which the logical XOR 
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operation is e?iciently performed so as to enhance the per 
formance of the computer system 

The present invention provides a computer system having 
a RAID control function and operated with multiple hard disk 
drives, which includes a hard disk controller in communica 
tion with the hard disk drives for accessing data stored in the 
hard disk drives; a data length detecting unit in communica 
tion with the hard disk controller for detecting a partial data 
length of a data stream having been transmitted thereto from 
one of the hard disk drives by the hard disk controller, and 
issuing a triggering signal when the detected data length has 
reached a unitary length that is preset to be less than the total 
length of the data stream; and a fault-tolerant data computing 
unit in communication with the data length detecting unit for 
performing a fault-tolerant data computing operation with the 
unitary length of data in response to the triggering signal. 

The present invention also provides a RAID control 
method for use in a computer system to control multiple hard 
disk drives, which includes steps of: accessing a data stored in 
one of the hard disk drives; detecting a partial data length of 
a data stream having been transmitted from the hard disk drive 
to the computer system, and issuing a triggering signal when 
the data length has reached a unitary length less than the total 
length of the data stream; and performing a fault-tolerant data 
computing operation with the unitary length of data in 
response to the triggering signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above contents of the present invention will become 
more readily apparent to those ordinarily skilled in the art 
after reviewing the following detailed description and accom 
panying drawings, in which: 

FIG. 1 is a schematic diagram of a conventional RAID 
con?guration; 

FIG. 2 is a schematic functional block diagram of a RAID 
card applied to a computer system according to prior art; 

FIG. 3 is a timing waveform diagram illustrating the timing 
for performing an XOR operation according to prior art; 

FIG. 4 is a schematic functional block diagram of a core 
logic device having a RAID control function according to an 
embodiment of the present invention; 

FIG. 5 is a timing waveform diagram illustrating the timing 
for performing an XOR operation according to an embodi 
ment of the present invention; 

FIG. 6 is a schematic functional block diagram illustrating 
the allocation of RAID control means in a core logic device 
according to an embodiment of the present invention; 

FIG. 7 is a schematic functional block diagram illustrating 
the allocation of RAID control means in a RAID card accord 
ing to another embodiment of the present invention; 

FIG. 8 is a schematic functional block diagram illustrating 
the allocation of RAID control means in a software RAID 
system according to a further embodiment of the present 
invention; and 

FIG. 9 is a ?owchart illustrating a RAID control method 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described more speci? 
cally with reference to the following embodiments. It is to be 
noted that the following descriptions of preferred embodi 
ments of this invention are presented herein for purpose of 
illustration and description only; it is not intended to be 
exhaustive or to be limited to the precise form disclosed. 
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4 
Referring to FIG. 4, in which a computer system having 

RAID control means disposed in a core logic device is illus 
trated. The computer system 3 includes a core logic device 32 
electrically connected to a central processing unit (CPU) 30, 
a system memory 31 and at least three hard disk drives 390, 
391 and 392. The core logic device 32 includes a hard disk 
controller 321, a data length detecting unit 322 and a fault 
tolerant data computing unit 323. For overwriting a data 
stored in one of the hard disk drives 390, 391 and 392 with a 
new data, the hard disk controller 321 implemented with, for 
example, an advanced host controller interface (AHCI) reads 
and transmits a data stream from the hard disk drive to the 
core logic device 32. The data length of the data stream is then 
detected by the data length detecting unit 322 in the core logic 
device 32. When the accumulated length of the received data 
contained in the data stream reaches a unitary length (eg 4 k 
bytes), the data length detecting unit 322 issues a triggering 
signal to the fault-tolerant data computing unit 323 to trigger 
a fault-tolerant data computing operation of the fault-tolerant 
data computing unit 323 (eg RAID3 or RAID5 exclusive-or 
@(OR) logic operation). The memory space required for per 
forming the fault-tolerant data computing operation as a data 
buffer is provided by the system memory 31 in this embodi 
ment. 

The timing sequence of the data ?ow for the fault-tolerant 
data computing operation is exempli?ed in FIG. 5, wherein 
new data D1' to be written into the hard disk drive 390 to 
overwrite data D1 and data D2 stored in the hard disk drives 
391 at an address corresponding to that of the data D1 in the 
hard disk drive 390 are subjected to the fault-tolerant data 
computing operation to obtain a new parity data P' to be stored 
into the hard disk drive 392 at an address corresponding to 
that of the data D1 in the hard disk drive 390 and that of the 
data D2 in the hard disk drive 391. Before the new data D1' is 
written into the hard disk drive 390 to overwrite the previ 
ously stored data D1, the operating system of the computer 
system 3 stores the new data D1' into the system memory 21 
?rst. Meanwhile, the data D2 is transferred from the hard disk 
drive 391 to the memory 201. According to the embodiment 
as shown in FIG. 5, the XOR logic operation of the data D1' 
and D2 does not have to wait until all these data streams have 
been completely transferred to the memories. Instead, when 
ever a unitary length of data D1' and D2, e.g. D1' 1 and D21, 
are completely transferred to respective memories, the XOR 
operation can be timely performed to obtain a unitary length 
of data P' (e.g. P'1). In this way, segments of the updated data 
P' can be obtained immediately following the transference of 
corresponding segments of the data stream D1' so as to save 
time. 

In the above embodiments, the data length detecting unit 
322 employed for detecting data length is disposed in the core 
logic device 32. In a case that the core logic device 32 includes 
a north bridge module 60 and a south bridge module 61, the 
data length detecting unit 322 is preferably disposed in the 
north bridge module 60 of the core logic chip 32 as well as the 
fault-tolerant data computing unit 323 and the hard disk con 
troller 321 is disposed in the south bridge module 61, as 
shown in FIG. 6. The RAID control method is similar to that 
illustrated in FIGS. 4 and 5, and not to be redundantly 
described herein. 
Embodiments of the present invention described above are 

applied to RAID systems implemented in a software fashion. 
The present invention can also be used to improve conven 
tional RAID systems implemented with RAID cards. 

Referring to FIG. 7, the hard disk controller 321, the data 
length detecting unit 322 and the fault-tolerant data comput 
ing unit 323 are included in an external RAID card 70 in this 
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embodiment. The data of the hard disk drives 390, 391 and 
392 can be accessed via the hard disk controller 321 for a 
fault-tolerant data computing operation executed by the fault 
tolerant data computing unit 323. The memory space required 
for performing the fault-tolerant data computing operation as 
a data buffer is provided by a memory 71 disposed in the 
external RAID card 70. The data length detecting unit 322 
detects the length of the data stream transmitted from the hard 
disc drive (eg 390) to the core logic device 32. When the 
accumulated length of data reaches a unitary length (e. g. 4 k 
bytes), the data length detecting unit 322 issues a triggering 
signal to the fault-tolerant data computing unit 323 to trigger 
the fault-tolerant data computing operation, eg a logical 
exclusive-or (XOR) operation. 
A further embodiment of a RAID system according to the 

present invention is illustrated in FIG. 8. In this embodiment, 
the hard disk controller 321 is included in an external RAID 
card 80 but the functions of the data length detecting unit and 
the fault-tolerant data computing unit are implemented in a 
softWare manner. Moreover, the memory space required for 
performing the fault-tolerant data computing operation as a 
data buffer is provided by the system memory 31. The RAID 
control method is similar to that illustrated in FIG. 7, and not 
to be redundantly described herein. 

FIG. 9 is a ?owchart illustrating a RAID control method 
according to an embodiment of the present invention, Wherein 
the timing for executing a fault-tolerant data computing 
operation is speci?cally de?ned to improve e?iciency. When 
a neW data is to be Written into one of the hard disk drives in 
the RAID system (S901), it is necessary to perform a fault 
tolerant data computing operation of the neW data and a 
corresponding data in another hard disk drive, eg an XOR 
logic operation, to update the corresponding parity data 
stored in the other hard disk drive. For performing the fault 
tolerant data computing operation, the corresponding data is 
read out from the associated hard disk drive as a data stream 
(S902). While the data stream is being transmitted from the 
associated hard disk drive to the computer system, the accu 
mulated length of data is detected (S903). When the data 
length is detected to exceed a unitary length (S904), Zero the 
data length to restart accumulation While issuing a triggering 
signal (S905). In response to the triggering signal, the fault 
tolerant data computing operation is executed for the read-out 
data of the unitary length and the neW data (S906). Steps 
S903~S906 are repeated until the end of the data stream 
(S907). Thus the neW Written data and the neW parity data can 
be stored in respective hard disk drives (S908). 

The RAID system and control method according to the 
present invention can also be applied to the restoration of data 
stored in a damaged hard disk drive, Which also requires a 
fault-tolerant data computing operation. Corresponding data 
are read out from tWo hard disk drives associated With the 
damaged hard disk drive to be subjected to the fault-tolerant 
data computing operation. The accumulated length of data 
being transmitted is detected. The fault-tolerant data comput 
ing operation is performed Whenever the data length exceeds 
a unitary length rather than until both the data streams are 
completely transferred into the memory. In this Way, the data 
restoration e?iciency can be improved. 

While the invention has been described in terms of What is 
presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention needs 
not to be limited to the disclosed embodiment. On the con 
trary, it is intended to cover various modi?cations and similar 
arrangements included Within the spirit and scope of the 
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6 
appended claims Which are to be accorded With the broadest 
interpretation so as to encompass all such modi?cations and 
similar structures. 
What is claimed is: 
1. A computer system having a RAID control function and 

operated With multiple hard disk drives, comprising: 
a hard disk controller in communication With the hard disk 

drives for accessing data stored in the hard disk drives; 
a data length detecting unit in communication With the hard 

disk controller for detecting a partial data length of a data 
stream having been transmitted thereto from one of the 
hard disk drives by the hard disk controller, and issuing 
a triggering signal When the detected data length has 
reached a unitary length that is preset to be less than the 
total length of the data stream; and 

a fault-tolerant data computing unit in communication With 
the data length detecting unit for performing a fault 
tolerant data computing operation With the unitary 
length of data and a Written data in response to the 
triggering signal to obtain a corresponding parity data; 

Wherein the unitary length of data, the Written data, and the 
corresponding parity data are stored in different hard 
disk drives at correlating addresses. 

2. The computer system according to claim 1 Wherein the 
hard disk controller is an advanced host controller interface 

(AHCI). 
3. The computer system according to claim 1 Wherein the 

hard disk controller is disposed in a south bridge module of a 
core logic device. 

4. The computer system according to claim 1 Wherein the 
data length detecting unit and the fault-tolerant data comput 
ing unit are disposed in a north bridge module of a core logic 
device. 

5. The computer system according to claim 1 Wherein the 
fault-tolerant data computing operation is an exclusive-or 
@(OR) logic operation. 

6. The computer system according to claim 1 Wherein the 
hard disk controller is disposed in an external RAID card. 

7. The computer system according to claim 1 Wherein the 
data length detecting unit and the fault-tolerant data comput 
ing unit are disposed in an external RAID card. 

8. The computer system according to claim 1 Wherein the 
data length detecting unit and the fault-tolerant data comput 
ing unit are disposed in a core logic device. 

9. A RAID control method for use in a computer system to 
control multiple hard disk drives, comprising steps of: 

accessing a data stored in one of the hard disk drives; 
detecting a partial data length of a data stream having been 

transmitted from the hard disk drive to the computer 
system, and issuing a triggering signal When the data 
length has reached a unitary length less than the total 
length of the data stream; and 

performing a fault-tolerant data computing operation With 
the unitary length of data and a Written data in response 
to the triggering signal to obtain a corresponding parity 
data; 

Wherein the unitary length of data, the Written data, and the 
corresponding parity data are stored in different hard 
disk drives at correlating addresses. 

10. The RAID control method according to claim 9 
Wherein the fault-tolerant computing operation is an exclu 
sive-or @(OR) logic operation. 

11. The RAID control method according to claim 9 
Wherein the detected data length is Zeroed once the triggering 
signal is issued. 


